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(54) NITRIDE SEMICONDUCTOR UGHT EMITTING ELEMENT AND OPTICAL DEVICE USING 
IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride ^ _ ^ u y^'xl-^ f /SF 

semiconductor light emitting element in which ^ ' * 

crystalllnlty and emission efficiency are enhanced by 
suppressing a crystal system separation and phase 
separation caused by adding As, P or Sb to an InGaN 
based well layer. 

SOLUTION: The nitride semiconductor light emitting 
element comprises an emission layer 107 formed by 
combining a plurality of well layers and one or a plurality 
of barrier layers wherein the well layer is composed of a 
nitride represented by a formula InAIGaN1-x-y- 
zAsxPySbz (where, 0<x<0.1, 0<y<0.2, 0<z<0.05, x+y+z>0). 
The compositional ratio of As, P or Sb added to the , 

InGaN based well layer is set within a specified range | 1^. 
and Al is added additionally thus suppressing the crystal 
system separation and phase separation. 
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?:c.2.CirS>€>. H^iC, As, PSfc«Sb?:^W§ 

(om \:^Thmhw>4:H±-i^. ^"1f^^gK^lI'Sis^s© 

fij^^^f:!ft|4©|fi]±^lS<|^Ci)!)St:S§„ As. P. 

s b mai^hb<Dm.?)--^t>'&^^M-r^nmmoic^ 

©g{tig5¥«ft{C«. mt*. I n A I GaNA s. I 
nAlGaNP, InAlGaNSb. InAlGaN 
AsP. I nA 1 GaNAsPSb. A 1 GaNAs, 
AlGaNP. AlGaNSb. AlGaNAsP. A 
IGaNAsPSb, GaNAs. GaNP. GaNS 
b. GaNAsP. GaNAsPSb. I nGaNA 
s. InGaNP, InGaNSb. InGaNAs 
P. I nGaNAsPSb*i*tfe.nS„ 

[0 03 7] ±Mm'}mmm\cm.mih\<mm. 

InAlGaNAs. InAlGaNP, InAlGa 
NSb. I nA IGaNAsPSWJI nA IGaNA 

|5lD«lS7cSR^WrS/ca?). ^FJli^UlXSSa-r'JfJ 

[0038] '^X.<miL H,i^Sg©ttf4«. A 1 G a N 
As. AlGaNP. AlGaNSb. AlGaNAs 
P*fcttA 1 GaNAsPSbrabS. Cti6tt. A 
s. P$?t«Sb?:$*L-Ci,^Sfc&. #FJS©I1IDS 
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^©W^tt. A l*#WL'-C(,i.5fc«>k;*«)3%mS{C«I 

^fKfefice.&ti. »a®4«^^?,A 1 GaNAs, 
AlGaNP. AlGaNSb. AlGaNAsP^/c 
ttA 1 GaNAs PS biCfel^r. Al, As, Pfcj: 
O' S b ©SfflJjStbtt^^Hjco^FJl i |5I« i f S C i 

[0 03 9 ] -xmt bimmmoumt. g a n a 

s, GaNP. GaNSb. GaNAsP$fc«GaN 
10 A s P S b r'*)&. G a Niga^SiSSSa^-r-t ■SfcW 
ig<-r6'i^^g^S$,SAS, As. PSfc«Sb?r^W§-e 
^ C i ic J; 0 i 1^ DfiSS -CJSfiSS^&Tif S C 
ti)^X-^i>. A 1 ^^$^cl>mbt!^^^ 

«:iei.CCAs. PSftiiiSb^^WSIfSi. ±mUc 
<fc5&fe^lg»il*seci3ffS. fi^or. As. PfcJ: 

o^s b o^mmtix^hmvi^s < -r^. c i*sM* u 

l^o As. PteJ:t>*Sb©&Hfi£J:b (Vg5M^©«{c 
*f-r6^^Mi^®W^*) As©Jt^5%J!yT. P 
©Ji^lO%«T. Sb©Ji^2%;:(TC*tl«. I^S 

I^IIJltctet.:t^ifeHSB^^^©fij-^*5i 5%«T-C* 
tltf. GaNAsfea^B, GaNPS^, GaNSbfe 
B^B. GaNAs P^^aiMtG a N A s P S h^^^^ 

[0040] ^;c{C»* L.C»»Mg*t*4t3:. I n G a N A 
s. InGaNP. InGaNSb. InGaNAsP 
30 Sfc{il nGaNAsPSbt?**. C*l6». I n*i 
J:DfAs. PtMtSbi^^bX\,^^-k.lt). #FJli 

*S6. cn6ttAi4#flrL.ri,»&i,>fcS). ites^^ii 

'Sr^l^ecUf'S. S6ic, I n%$^t?^,»•2.?ti^>5ct| 
:»i»45?l#iacU#-S. -eofcs?). In. As. Pfei 

^^^m ifih s OJt^5 P ©IS^ 1 0 %Jii 

40 T, Sb©i»^2%Jj^Tr-*)nti, feB^a^^il©*lJ-^=& 
m \ 2-1 4%I1R, ^S^ii©SJ^I:f57-9%gmc 

A5i5%JiiT, tg^Jif©*ij^An o%OT-c*ntf. I 

nGaNAs^B^, InGaNPfiH. InGaNSb 
fe^. I oGaNA s PM^*SUttl nGaNAs P 

sbfe^B^itSBicffli^T**. mmmj^trnm^^ 

(,>fc&jc, ±i2^Sffl^J:b3&silfc§nri,»ti{f. waiii 
50 [0 04 1] »^©JS;5^». lnmfea:2 0nmtiT 
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[0 042] imMimmfm) *^b^ 
s-r s n sufc J: c; p mmoypti < t ^>-:&*j. a i 

^Ctiim'tL\.\ ^^BjWdl^r. ^©j;^i4j:A 1 

[0 043] {mMi-mmm -im^c. mm=^m 

ftOiftaS, GaN^©Mt!fe¥^ft. ^yrAT. 6 
H-SiC. 4H-SiC, 3C-SiC, Si, 
(MgAljO,) «©»«±m^si±^cii&s-c 
i^tC. aibi^^m fci^ai n.AUGa, 
N(0^a^K O^b^K Ogc^l. a+b + c 
= 1 ) *»?.^5Sffi€:*fS L<€ffl-rSC<b3!»st?t5. 

a<t!g»^ii*<*u-if©is^. Sit**- ^(ommfc 

©^+«K8t.ri>SiiJ«3&S*i3, A I GaNa«*ffil,» 

-l>©:^UO;fft LC^ S^c, A77a^B^©I n.A UGa 
eN(Oga^l, O^b^K O^c^l. a + b + 

c = 1 ) mmosi^^x. mmyimm) i o%ot>!»sa 

s, Pfe<i:y^S b©t,^-rn*^©7c3R-Cg^$tiTt,^r^) 
SSiCtt, Si. O, CI, S, G, G 
e, Zn, Cd, Mg, B e^*5 tVi^Stlfl^T 

-f^i^'Tclg©^^. S i , 0*fc»C 1 *S!^CcSft b 

[0044] siirommmit. ±ibk«©^^. t?-? 
0 0 1 } ffi) *i«ffi}£Sta5if -5»«4ffiraLri,» 

•So «^«n©B*ffiB, CM©flfi{c, Affi 

( { 1 1 - 2 0 } ffi) , RM ( { 1 - 1 0 2 } S) , M 

M( {i-ioo}ffi) -c$>^-chJ:i\ t±. ^mm 

[0 04 5] (ISB^HfiXSffi) gltia^»{*©ISa^B*)iXS 
Stf^^SiLr. Wli^HmtlfiXSffi (MOCV 
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D) , ^J^Iiit^+^—a (MBE) , F-^-T F 
MMfiiS (HVPE) i)i-^m-c^^. fpX'i>. fm 

tbr. GaNSfctt+f-^r^T^^fflL, JjXiS^ffii 
»M O C V D ffi^ffiffi-r S ©^3S WiS*ift-c 

[0 046] (^fe^J 1 ) *I6HJ{CJ: . H 1 fc^J^-T <fc 
0>5:a{t!ejil^#U-tf4^^'*-F«^;!>5?#6n^. C 

omf-u. cffl (0 0 0 1 ) if^T-frasi 0 o, « 

10 fiGaN/-?»7TJil 0 K nMGaNJil02. nM 
I n,.„Gao.„Ni'7-?i'K±Jll 0 3. nMA 1 
..iGacNi'^-^ FSl 04, nSGa N?fc;</-Y FJl 
105. ^7^8106, pMA l..,Gao.,Njl«)il 

07, pSGaNTE*^ Fill 0 8. p§SAU,,Ga 
...Ni'^-i' FUl 0 9, pSGaN3>^?:^ mi 1 
0, nm® 1 1 1 , pmSl 1 2, feJrD^'S i 

i^c 7" n -fe X tc J; 0 M ji $ -5 . 

[0 04 7] ST, MOGVD^gK, -y-^r-CTaS 
20 1 0 O^lr-fe-:; FL, V^Jlf4©NH, (T>*-T) i 
1 I l;^M*4©TMGa (VV ■>>9-)VijV'^M-) ^mi^^ 
r, 5 5 0 'C©figfifig-efgSG a N/A' 7 r « 1 0 1 
* 2 5 n msES$i±.S, ;^:{C, 1 0 5 0 'COjaSfiS^ 
iilBllif4(CS i H. %JD^, n^GaNBl 

0 2 (S i;F«!B5?*Kl xiO"/cm') 43 ym© 

o-c^Kw, 1 1 immviif>?,TM I n ( F 

5^;U'r>y'?A) ©«i|i&4tft\ nSI no.„,Ga,.,3 
Nf^vmitmi 0 3*4 0nm©Jl^!)'-CS£S^-ff 
30 6, BCJf, K^iSS* 1 0 5 0 °CCC±tf , TMA 1 ( F 
';^9^;l'7;W5::-'^A) ©I I imi44«l,^T, 0. 
8tfmJI©nSA l„.,Ga,.,Ni'7-:' F^l 04 (S 
i^lfifjrigl X 1 o^'/cm') ^^SS-tt, ^(,^-r 
nmGaNm-^ YMlOb (Si 1X10 
"/cm') 40. 1 ym©;¥^?>-C;SS$1i--&o ^© 

ti, asiaS48oo°acw. sja^©, ji$4nm 

©fci;^Kl n,.„,A lo.,,Ga„.„N„.„P„.„,#F 
)li;f$6nm®/c<!:x.Kl n „ . G a, . , s NI^MJl j: 

40 m/^pm/mm/^pm/mm/^pm/m. 

Jl©)W¥-r-jas§-&.S. -&®|^. liiMgi^FS©]!* 
KS i H, (S i:^^WIffiKl X i 0"/cm') 4^ 

[0048] Ksiii^F®, "t-fcu^wmtnmst 
©pbioc, 1 #jK±i 8 omAn(Dim.^m^n^xh& 

\.\ C©Ci{c<i:«3. :&Ji©¥att*5|fil±L, 

[0 04 9] #FiJl©SMJ;bE*, @«i-ri>|g7^^T-© 
50 6fc I nA 1 GaNAsgS. ST-^l I nA 1 



13 



■Cti.. I nA 1 GaNSblSJliKfcW-5>Sbi[fiJJ;b 

I n.A 1 bG ai_._tN..,As.Sllfc*(t£, 
A 1 (b = 0. 0 I) 
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* rj: ^ J: ^ (c^n^ti©fim4«E^t-r I. C i 

[0050] 







a) 


a -0.01 


a =0.02 


a=0.05| a-=0.1 


a =0.2 


a =0.35 


a =0.5 




380mii 
















400nm 


0.01 


0.01 


0,01 










41Ctam 


0.02 


0.02 


0,01 


0.01 










0.03 


0.03 


0.03 


0.02 


0.01 






520mn 


0.05 


0.05 


0.04 


0.04 


0.03 


OlOI 




eSOnm 


0.07 


0.07 


0.07 


0.06 


0.05 


0.04 


0.02 



1 n.A I »Ga i..-»N,.,Ab ,jiac*W«, 

^jie^fttdrrsAscDajiicJt (x) 



Al (b = 0. 0 2) ©»& 



400nm 
410niii 
470pin 



★ ★ [^3] 

i.A 1 „G a i-.-6N,_.A 8 .aatc^ita. 



A] {b=0. 03) a 



400nm 

410iim 



[0053] 



[a4] 



1^2 00 2-2 7 0 96 9 



Al <b=b. 0 5) ©*& 



I ngjaett (a) 



I (b=0. 1) <D»ft 



5« i« [^6] 
I n . A 1 , G a ....^N.-.A 8 

«3t«E«K:?rrSAB0««W: Ix] 




[0 0 5 8] ★★[«?] 

I n.A 1 »Gai...iN..,P,Sa[c*tt6, 
«BI6)R*R:»rSF«!)jE)«H: (y) 



A] (b=0. 0 1) ©Jg^ 







a> 


a -0.01 


a =-0,02 


a=0.05 


a =0.1 


a=0.2 


a =0.35 


a =0.5 






0.01 


0.01 












4O0nin 


0.02 


0.02 


0.01 










410nm 


0.03 


0.03 


0.02 


0.01 








470nm 


0.06 


0.05 


0.05 


0.04 


0.02 






520nm 


0.08 


ao7 


0.07 


0.06 


0.04 


0.02 




65Qnm 


D.12 


0.12 


0.11 


0.10 


0.08 


0.06 


0.04 



[0057] 



[jfeS] 
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mm^i^Mts,p<Dma. (y) 

Al (b = 0. 0 2) ffl«# 







Inffi^tt (a) 






a=0.01 


a=0.02 


a =0.05 


a=0.1 


a-0.2 


a -0.35 


a-0.5 




380nni 


0.01 


0.01 














400nm 


0.02 


0,02 


0.02 


0.01 








410nm 


0.03 


0.03 


0.02 


0.01 










470nin 


0.06 


0.06 


0.06 


0.04 


0.03 








520mn 


0.08 


0.08 


0.07 


0.06 


ao4 


0.02 






650nm 


0.12 


0.12 


0.11 


0.10 


0.08 


O.0S 


0.04 



aBissEfitst-rspcajSott <y) 



Al (b=0. 0 3) ffl<fr& 



380nm 
400nm 
410nm 
470nm 
SaOnm 
650am 



[0059] ^ -fH mio] 

I n . A 1 »G a i-.-bN,-,P,Sat*tt.6. 
fS«SEftKS*rSPO»m (y) 



A] (b=0. 0S> 





InmJt (a) 


a-0.01 


a =0.02 


a =0.05 


a=0.1 


a=0.2 


a =0.35 


a-0.5 




380nm 


0.02 


0.01 


0.01 










400nna 


0.03 


0.03 


0.02 


O.Ol 










0.03 


0.03 


0.03 


3.02 








470mii 


0.06 


0.06 


0,06 


0.05 


0.03 


0.01 




520nm 


0.08 


0.08 


0,08 


0.07 


0.05 


0.03 


0.01 


6S!tmn 


0.13 


0.12 


0,12 


0.11 


0.09 


0.06 


0.04 



★ ★[^11] 

I n.AUGa.-.-fcN.-yP^aC^ttS. 
»*««t«9T«.P<5afilEit (y) 



Al (b = o. 1) mm- 



400nm 
410nni 
47(hini 



a08 0.06 0.04 



ai2 0.10 0.07 



[006 1] 



[151 2] 



01) 
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ajESSfcSrrSPfflJaj^SJt (y) 



Al (b=0. 2) ®»& 





ma^jt (a) 


a =0.01 


a =0.02 


a-O.OS 


a =0.1 


a-0.2 


a =0.35 


a -0.5 




SSOnrn 


0.04 


0.04 


0.04 


0.03 


0.01 






400mii 


0.06 


0.05 


O.OE 


0.04 


0.02 








0.06 


0.06 


0.05 


0.04 


0.03 


0.01 




47DDln 


0.09 


0.09 


0.08 


0.0£ 


0.06 


0.03 


0.02 


520mn 


0.12 


0.11 


o.u 


0.10 


0.08 


0.05 


0.04 




0.1S 


0.16 


O.IS 


0.14 


O.U 


0lD9 


0.07 



[0062] mm 1 0 6 ^m^bft^. mm&^w 

(fl 0 5 O'CS-C^aur. Jli&^2 0nm©pMA 1 

„.iGa„.»NM*KJi 1 0 7. Jl^^O. l/imcDpSfGa 

ao.sN^'^-;/ FUl 09, feiO'Jl^O, I um(Dp 
MGaNn>4?i^ hJf 1 1 0?:)SS3-f*l.. pmm^m 
f^tLXMs (Mg^-iL-rE tCP.Mg (t'y^i?^ 

1 0'Vcm=-2x 1 O^ycrn'oy^^^-CWMtZ, 20 
[0063] p^GaN3>^>?hJgl l OOpm^^ 

[0 0 6 4] C©«%pSGaNn>^?i' Mil 1 0© 

7:</XiNH,K^^T. 6 0 °C/^J-caS^^TS-t+ 30 
5. S«a/558 0 0-acj^L./ciI#.*r, NH3©#^ 

fiS -rff T 3 -e i.= SS©«ftSS» 6 5 0 °C*5 6 9 0 

0 "corsiAW* L < . mmmt. 3 »ja± 1 0 ^Jiitr 

3&WSLl^ tfc. KTfiS©SijaaStt. 3 0'C/:^ 
[0 06 5] C(DJ:^iCbXim-Stim&m=S:^-7> 

m^i^■r:mm^tlX^,^?> p S{bT--;i'%tf < 
i*>. ^S«-r-c{cpS!{t©#tt=&^Lri,^fc. 40 

[0066]^XCC, MOCVDSIg*ieB(?)tt}(./fcxb- 

Stt-tt-l'*>i-y?>i^gM^«t,>TnSGaN)ll 0 

2 ^gKJWKm*$-fi, T i /A 1 ©JW*rgmgP^3-{c 

fC, Ti/Mo, H f/A l^*ffilirfeJ:l\ p^ffi 

umicit^ V-y t^tW§.(d< 1-10 0 >::^i*]K?&o 



KS iO,g|Sf*|fil 13?:^«T^o -eur, pMG 
aN3>3?i'Hil 1 Od^stH-r-Sgg^fC. Pd/Au 
®lfil?-C^»^?f 2 fi m*s© y i>Xh'7^ y'^i^ 

©pmsi i2^ffM-rs. ±ispmsw4©ffiic. n 

i/Au. Pd/Mo/Au^raiir^>.ac^ ^t^K. 

0 0 Mm©:? T • ■-in-Stm^f'PS-r^,, ifcJMS 
mt-m^^2,0(i umiPhlOQO unLt^Vft-L^K R 
ftflU© 5 ^ -SSB. -y- 7 T TSS©Mffi3&J«ffi5C 

j:^>' ©5^ V :/^SllW. 0 3 K^-ri^icfi-p 
XWmifih7.^=7^i'i'-'Cn'>, C©Ci{Cj;?), !^ 

ftWS©«a#ffi«i1-K:. -aa{c*n6*arusDFB 

(Distributed Feedback) > DBR (Distnbuted Braq 
q Reflector) ^ffit^Tfe^bi^Cl^ yyf^) • -^n- 
H© 5 5 -ffiffl^JfJfiSt^, K 5 ^ -SffltC 7 0%® 

imm^mt^s i o.ix i o^<omm,wm^^mcm 
wc. s 1 0,/A 1 z03%p«^jis»f)g<tL-cm^ 

[0 067] ±fB7'aH2;^iCfcl,^r. SjSttH':*->X 
5^>^?:fflt,^-rnMGaNlil 0 2 ^Sffi^tir-SCtt. 
•y-:7r-fTSfil 0 0*3ma^fi«t?«>Sifc&f 
ffi-jT. GaNSSSfc{*S i CaK©J: ^^c^mtt^ 

w-r sas^^e^'t sJi^a, n s!g a n* i o 2 4s 

[0068] ^XK. ±iEyn-feX{Cj;D#iDh/cU-1f 
if -4 F 9^ y'it, OT©7*n -fe;^ {c j; /^• y^-i? 

'f3^-FO!tftt^t§*^l.. KffiSlBSifflTfeT^-rXi'fca 
bfc^m^ (4 1 Onm^S) ftffi;': (5 OmW) 

<DX. Wl.mimiCi3LMiiLhtxifiiimibrj:[.\ bfc» 
or, FiJxti, I n/Ava^'M^ffll^T. Junction down 
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Si, A 1 N. ^-fi'-t>K. Mo, CuW, BN 
[0 0 6 9 ] V-yy^ r Sffi©75* 0 

l^-r , U -1f i?* -Y :t - F ? 'J- Junction upTvN" y T 10 

-y*i*-?>t- h'^i^gptcSi?) W:tS©r(jrj:< , s 
i, A1N> :5^-ft-=e>F. Mo. CuW. BN^OIf 

[0070] iu±K: J: ?) . mtm-mm,x\.^^ifmm 

(C, As, Pi;/t«Sb=l:^i5>*>'5l ntA l^Sr^t?^ 

[0 0 7 1 ] (^l©^,M©^ttitcoi^-r) ^WJ 

14 : S i H,) K-^CDgO^fcJcj^Jnbr 20 

f^-^fco W^L^c:^)^!^. 7^ FjL'5^-:'42>;^ (P 
L) aiJS(Cj;tl«, (|^MM<!:#F)i©P37^) 
(CS i €:#tji&Ufc:;^355, flt^L-^ct^it^i'?, P L^t^ 

*^?>. ^*^*''^*-KfCfel^rtt, ^3feB*«CS ill© 
^«^%aS»nL.fc:^*s»S L.t,i. I n A 1 G a N 
,..-,..As.PvSb,SSmfCj:or«fiJc$na#Fl 
t?». As. P*sJ:DfSb4^<^WUriii&t,s I nG 
aNiestCtb-^T. I nCCj;^^^Biffi*sjgfi543n{C< 30 

i^^ens. bIcifi-oX. S i ^©^f)*^>i&JBtc 
^D-r 5 C i (C i -C^lOMfHtt^lfilJ: 5 C i 

i^O^r^So Si©j5^bDCC, O, S, C, Ge, Z 

sfc, ^7E;JiK^j]n-ri.^ifi6f!i©a«, x i o 
'''-ixio"'/cm'ms.*mtbi\ T-mmm^i 

(-^ X 1 o'Vcm^J;»3'b^'<ife?) 40 

i. #FJii^t?©+-i'';rsifR*3^ct,»fcs&(cRitmsss?5 

g©fiT(C-:>%*ss*5. tfL.5*l6i?3©#pJl{C*jt,^r 

(Mmnmmmmix i o'Vcm') . #F)if«9-c© 

+ 1- r tKHX^^M-r J: O ^ , Jo L r ilSa^B 
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[0 0 7 2 ] (A I GaNiifKjiK-oi^t:) 111 (CTj^r 

Ai GaNii^iii 0 7tt. ^ytmtpMmtomicte 

Utpm^vy FJl*St<^3:pa3>3?i7 YMXh^. 
P LStetc J:ia«. MiS)l*%l^Ja^i«.2>li^i r 
tt. MSM*5WS«^©7^*^. ^f1-jS^?.©i^:7 Fa 

s-rs^icA 1 ^^mt^mm^m-ifcctici:*). 

'^G»-r.S©*SB5jh§nSfc&y£i#A6n.5. 

i63KJi*s#FJi/»SB/#FJi • • • /mm/^p 

m (S6#Jl) ©^g**-rSJi^. ±iBi8i5g©J»m 

*s^«{cme.nfc, jy±©c:<!:*^6. a«)i©«^s« 

ib-CiJ>^c< i^jA 1 *5^W§tiri^5ti55ifF^-CS> 
*/ciiiSJl%pji»C^WSiS^, «Jl©«tt» 
pS*WSL.1-^„ Ctitt, ]iiKJi:05pM-e:/d:l^i, 
H-ei^ 1- 'J 7©p n«^{4g;55-rnr US t\ IStKxS* 
*%T-r5:fcS&t?*S„ niSA 1 GaNM(i)l 

^. ie7l6Jiin^i©r^{C. |g7t:JiKg-rS«(Cglf 

-F©1S^, tct^UnM^iJ-i FSr$>i3. ^^t^-i 

1-C*S, nMAl GaNjifKJi©ii?!i*tt. pMA 1 G 

a.Niimm<D^ntmmox$>ic 

[0 0 7 3] (Il7l£jg©/OF^^1":;^«JS{C-Ot,ir) 
H 6 ~S 1 0 KHJfeJi©^-? > F- f :;^«Ji©*#«^Sr 
^n^n^-r. T^^tf-f FMiKSM*5|3-©Mb!a*» 

;l'=P-45j;u:S»T*«PIDKife^, ^©0: ^.;:c^N'> F+' 

F(c J: S^aS^#P5ei)*>&ff Cc < < , P—t^^^V 

h'0m-^mm(D-m> {mmmm^&<Dmm) , is 
3fe^^v=^-F©i#^w#fe7£^gs©*mi©^i^]^ (mmo 
MB) ?:Jst, S)SO$?s(^<i:ct-^o ^c-r. me-m 

9iCmtJ:'>ic^ I^IIJi©/0 F:^?^ 7x:^;l/+"-* 
7fe:^7^' F®©^nJ:D/^^ <-r-S.Citcj:f3. HIO© 
i J:b--;r -!f 7>N' > F f C J; ?> ^SS^^#Fail*Sf#^ 
t < . i}^-oitij^ Fjf cfc ^>®Jt^3&S;^# < 4cS. 

btci)i^x. m^cii.tbmm*^±m . ss:s*-f© 
m. (.mm m< u^. #{c. ptse+fcA s. 

P. Sb%^WLTCiSiJl»T*3!li:^t<ftSffl|6l«CW 
?,fc&. -e©a: ^?c^-?> F+> >^©«fiit{*S?* 
[0074] itiJ-< Fg©A> F:^^^, », J; 
•3*>K^Jl©^tl*/h3<-r-5^3feM©«JKW. 06 i 
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[0 075] (.mmm 2 ) mmo^pm t mmm 
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[0076] 
[«1 3] 



nAlGaNSb 



[ 0 0 7 7 ] ^ 1 3 OEn«, Iff* bLi^Fli^H 
AE|7HOEniJ:b-<r$,S«3ffSL<%C^#FMiW 

iijgi©ffli5*-^fcti?r^UTi,i^ (^©afiic-ot^r 

*KISllLt:t,»S#FM{3:53c»-CS)S*s, InAIG 
aN,.,.,..As.P,Sb, (O^x^O. K Ogy^ 
0. 2. O^z^O. 05. x + y+z>0) CCjrSM 

[0078] mm^mmvci^mpmomwi. mm 
mm. #pmm^^^m,m^<Dymmm.m. mm 

[0 07 9] (mmms ) ^mmomfs^^m 1 1 i<cm 
mmm 1 iiiMi©it)Sccfct,>r, v-y r 4rmm<D 

§toD{CnSGaN«IS7 00 ({0 0 0 1 }®) 

[ 0 0 8 0 ] G a NSfi?:ffil>fcit^. fSfiG a N^n' 7 
7T»il 0 l?:?fM-H-rK, nMGaNUl 0 24ieg 
GaNK«_h{C^S$-fi-C4>ftl^„ btfthtj:-fyib. ife^ 
ttls^M*7:tns;>-*s$,Sf9SfSb<?5:UGaNS« 
^ttffl-rSia^. **a6©®:«©fc&KffifiGaNM'», 
7 tH 1 0 1 s L.(,^. 

[ 0 0 8 1 ] :$^tS!-Ctt. nM©GaNSffi7 0 0?r 
ffll^-ri^Sfcfe. nm«l 1 lttGaN««©«H*>5 
iSCi>&st?^.So GaN»EK-^*ifl^ffi!&s^^ 

^tjiiifi3 0 0ium©7rr^'; ■ ^v-^m^^i^mv 

fc= ^^JilffStt-ffifc 300/im7:)^61000iLt m;53j!f 
tblK S^ISill©S9-»S. GaNSK© {1 - 

1 0 0} m*mmicrj:zj:^(cm!S.b'ci»z. ^^^^ 

cfcos tf*^^©g^ y y'^mu. m 3 K7j^-r«K?S-:> 



fj. «ffi©,ti«ttt^xd'^^'^KisiiiD*:x*3iti? 

iBU-tf*fiS©JiS#ffiJ-:^^^Jc, -MK5eDe.tiTi»S 
DFB (Distributed Feedback) . DBR (Distribute 
d Braqcj Reflector) iFSl^X tMt>t£\,K Vyzf''] • 
-itJi^© 5 5 "«B*J^^^. ISe 5 7 -J^ffiK 7 

o%©sw=&*-rs s i iT i o^(Dmm»m^is. 

mmiC. S i O./A 1 zO,?rg|«^)lS*f]^iU 

[0 08 2] ■^yr-^rmmomh'oicQsiNmm^m 

%4$#5Ci^c< , nS^A 1 GaNi'5-7 F;iip§y 
A 1 GaNi'^-;- FJl/f "TS C i*s-Ct-S>„ Sfg 
Kt*, A 1 GaNi'-?-;/ FUffBO. 8Mm~l. 0 

7feS5DiAfe^$;0«iL, U-1f©7fe^#tt©[o]±iU- 

•tfgifisffi«s©ffi«}&sati-5. syt. ^*s©ttsg 

±aLfcJ:^(c. #F)g©)fg^tt (i^S^) fC5Si 
<Wm-r?>tc!b. GaN»«^«t,»5i. ^3KJi4>©fe 

40 wmmmmmt. ^y r ■^Tmmm-r?,mmmi 

Kifc'^r. 1 096*^6 2 0 %{S2S-rS (H5#M) o 
[0 08 3] *3Qi«a|{cfct,^T, ^)l€1ilSLTt,^-5, 

#F)i©JiiS[, mmmm, #FJiwfcj:af|g*)B«©^ 

^3fe®©fflt^*^l«ff4«C-oi.T«ll|gpJ2<!; 

It. mmm^(DwcT-m<^imm-rimM¥'-y\ 

<U. #FM«C3X 1 0'"/cm'V.T<D^mmi&^ 
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[0084] (mmm4 > m i tc^j^-r^si 

fij 1 T 7Sft 1 0 0S14(C7p-r<}:^^j:1«^© 

s«8 0 0 icm^m^fciiimt. mm i ttdtmwm 

K i&U^<yyrM8 0Z. nMGaNM8 0 3. MM 
i*IS8 0 4. A5j;DfnMGaNJ¥li8 0 5*j6ltlSSti 

[0 0 8 5 } $T\ M0CVDS-e«a>K8 0 l±(cfi 10 

fi^^*2'7TJl8 0 2^5 5o°cra)i■r•So ^>ctc, lo 

5 O'COfigma-CS i 4 1 
*^6%«.nMGaNM8 0 3=&{'PSS!-r*= nSGaNH 

C V D^S fcttE B^^S^ffit^-C 

«-c> ^s#Jji8 0 4*ffl«fl^J^cx^7>^7'tt^^•^"> 

n^GaNJiS 0 3tC>Pfb-r< 1 - 1 0Q>i3^ic{m 

X h 7 y-fjt^fcflni Lfc^s{$ig8 0 4 ©fi-i^/c 

aiE«^HVPE=gSitiK-fe-y h b. fiSSiSigl 100 
°a S iidSl X 1 o"/cm\ Jl§35 OMmCDn 
SGaN)iJi8 0 5^fill^S. ±iai53S:&-Sic i: T 
iiMGaN/iMSO 5 4»Mm, SK*HVPEgg*> 

e>S{DajL> nn^i (01) tmm(ou--fit^:ir- 

7-<ySI5^}-*sS4{C^T7-f>8 1 OfcJcO'^-f >8 1 30 

" F0#tt«lliffe^!l3 i|iI«r-$)5, 

[0 0 8 6 ] mmsooii-'hmmi^vmsmo 

rJiS 0 2-nSGaN;fM8 0 5€:^t?, ffiS 

^-5 -y 7 7S8 0 2jyT©ii*^r5f^^riij#m-:.-c. 

COm^. SS»nMGaNfi8 0 3-n§IGaNi?li 
8 0 5 ^#t?, 3 e.(c. ilM#fi8 0 4JWT©)i4^r 

F*f^Lr^>mi,^. C©«^. aminMGaN/fIg 

8 0 5o>m^it)^^m. mmm o i ^±ai>ft:j:5% 
gi5^^iij§rasi-s»^, jafiW3iim«(c«®©«iS!!P6 

nmffil 1 l*iSCi*3TtS. «««8 0 1 

[0 087] ±iB««8 0 0©«ff:fct,^r. ttttfis 
0 1(C«. Cffil^^T-fT. Mffiif:77-fT> AMIf:? 50 
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T-TT, RM-fyr^T. GaAs. ZnO. MgO. 
Xf4^;l/. Ge. Si. 6H-SiCfflSS. 4H-S 
i CS«S. 3 C - S i CSSS©{5in*:'^:ffll^SC: i 
A3-C^S, ^Sa>'^*•:;7 7)i8 0 2tt, 45 0°C*:'P>6 0 

0 °C©;Sfiaex-Jf5^Lfi:ffiSG a N^s -y 7 rd. fiS 
A 1 N-'-i"-;.:7TJi, iSSA UGa,_,NA-y 77JI (0 
<x<l ) . ffiai nvGax_vN^^'■>7 7Ji (0<yg 

1 ) ©j5in*^i-rSCi*3-r't5„ n^GaNBSOS 
©/!)>t>f3K. nSA 1 ,Ga,.,NIS (0<z < 1 ) 
iil^r«>J:t,\ pm#M8 0 4B, SiO.R S i N, 

^?B{Ctr^>J:l,s<, nSGaN/iJi8 0 5©*>to?)JC, 
nS!Al.Ga,.,Niijg ( 0 <w^ 1 ) €r«ffiOr«> J; 

[0 08 8] (Hifefjs) ^FiincteL^r^fe^y^f 

i)\ C©GaNJi©^«J^^-^A s, P. Sba)i«im^ 

(o^mx'm.i^L-thm\ ^mmva. GaN 

, As, P,Sb. (0^x50. 0 7 5, OSy^ 
0. 1, OSz^O. 025, x + y + z^O) 

[0 08 9] fi6*©A lGaNi'5-y m/G&H^ii 

©^^■?>ieStt©{ST4Bt »r U 
t^.--^. Al GaNi/^-;- KSi±taGaN 
,.,-,-.As.P,Sb.5l£*'-/K®©Ji^> As, PSfc 
Its h(0imiCi^ttji^<^^yifnS^(D1tit. A 1 Ga 
Ni^-^"^ KJl/GaN3fe;«/'f ffSiCit^X. •iiJ&^fttS^ 

Oc. )iff$^i:^t<^:S„ c©ciKJ:Da^t!^*l! 
»P-1f F©U-1f7fe?:^*M< ^DjAfeSC 

tiiiX^. Sa^*- F#tt (Wb) 
[0 09 0] C©GaNi-....,As,P,Sb^ (O^x 
^0. 0 7 5. O^ygO. 1, O^z^O. 0 25, 
x+y+z;^0) ^fe^'-f F)l©S«i:bx, y, z tt, 
^(DX^-Jl^-df^ y 7->0Sg||Jl©i:^;P^--+> y -/ 

"1f (4 1 Onm) ©GaNx-.As,7fe;^f'f Fil®l» 

As©fflmx«0. 0 15OT, GaN,..P,3l£ 
if>(m<Dm^. POmmtyitO. 0 2 5«T, Ga 
Nx-^Sb^Tfe^'-f FS©*I^. Sb©fflJ5S6JtzBO. 0 

[0 09 1 ] (^^6 ) :$mmmicj:?>m<tmmm» 

^yt^'-ft- F^-^^H 1 2isj^^m 1 3 (c^-r. m i 
2w8iiffiH. SI 3u±mmx$>6, mi lic^.^tis 
0, agES^^i*, cffi (0 00 1 ) vyr-irmmo 
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0, &&GaNJiyyrm90 1 (^/fSOnm) . n ^t^Pm^smMlrmt. ^Jfe^ll 1 Sfc. 

KHQOS (M;¥2 0nm. S i :^^M«JK 1 x l 0 " 1it?*.^„ 

/cm=) , ^3^)1804. pSAi„.,Ga..,N« [0 0 9 6 ] (mmms) ^mmva. ^mmm 

mm'y=y 'V FJi9 0 5 («if 2 0 nm. Mg^Mmm. \^-c\.-^-hi^^mt.mmm^LQ,^mm^ i x i o^vcm 

Bxio"/cmO , pMGaN3>3?i'l~Ji9 0 6 '^JDLfctiJi-H, H»JK IIJfe«3, *»4« 

(MJ12 0 0niii, Mg^«f!?SSl X 1 O'Vc «t«l6 tfcW^»fj7 iPID-C*^, 

m=) , a*t4pSffi907. A.^Kfiffi908. nm [0097] (IIMI?!I9) ^JSWrti. ^3fe@<S:«fiS 

ffi9 0 9, te<J;c;gimffii9 1 0*>6«figS*m^S. 10 Lrt,»S#F)liPISJlCCMg^«i^* 1 x l O'Vc 

[0 09 2] iie^^fe^^-^r*- h-©«fig©^ nS!A m'^JllLfc«J1-«. Wm 1 > jUfiWS . IIJgtaj4> 

U.iGa,.,Ng®tliti'v-^ FS903tt«<rfe« ll*«6 *fc«^^7 ilalCr*^. 

*D^cl^ S^a4pS«9 0 7». Ni ^jKWPd-CW [0098] (*5if?!l 1 0 ) *^)^«-CW> B36)l^« 

Kmffi9 0 8«Au-C, nmffi909ttT J^cb-Cl^S^^Siltllll*^, 5 MWO I . „ s A 1 

i/Al. Hf/Au. Ti/Mo. tfc»Hf/Al o.,Ga„.,>N„.„P„..,#p® (2nm)/AU.„ 

■C^lSSnriiS. *»0iJcO^7Bi». #F)gili*^ Ga„.,eNg||)l (4nm) -Qh^WWt. Wmi . 

njc-en^ns i H. {^ \^~mmm.^x \ o'Vc igjfe^«3, gw^H, iiwj6*fcttiijfef!i7iiniD-c 

[0 0 9 3 ] ^cfc, ^T^n^^^ur [0 099] (Hife^n i i ) **W)-ett. 
^Mlicog^bft^^^Mmc-Qi^rtt. ^a^j2ii5]ii 20 )^L-ri^5#^Jiii^iUi*s. i ojara© i n„.„3A i 

-C*S„ Sifc. lJ-7T-YTa«9 0 0CD§t)'3{C, Ga G a. N. . „ A s „ ( 0 . 4nm)/G 

Na®?rffit,^fcii^tt*iS^J3 h%m.(immi\ 114CC aNPtllg { 1 nm) -Ch^MM^t. . 

?i^-rs«*^i,»/cJ«^tt^W4iPi1i©?a^*5|i^n 3. J»«4> ll*«?l6l;/t{tHSS«ai7<!:ig(;t?$,5. 

^mtt©G a Nss?:^-rs»^. s 1 3 tc^-T [0100] (st*«^ 1 2 ) i^mmn\%. mm^m 

J:^>K:>tffiiJ*^5p£nCDWmffi4K6-rfc. GaN« B£Dri,iS#p)li|»fiH*s. I n,.,Al ... 

«©Sffi»6nmfli?:. j:b-«HfliJ*»6,a*ttpSg Gao.,No.,.P„.o,#F» (6nm) /A 1 o iGa 
?r<!:SCi*s-C#5, *«W{Cfet,^r> ll3W?:«fi!E , N,.,, A s ..,,WSJ1 (6nm) H 

nm-ciSii>, 30 [010 1] {mm.m\ 3 > ifmmm^\t. mtm^m 

PrnW-t^^mSCOm^i/C-OK^xmi m \ a Ga„.,N„.„A s„.„#?5|l (4nm)/Al„.iGa 

<i?<!:>^±¥At-Y(DmM&U. S£*©InGaN# ». , N„.„ P„ , „^||ll ( 1 0 n m) T'^-Smi*, H 

BGaNSS?:. ^ti-enffll-^fci^W^Tlc^ajcot,^ [0 102] (HSgfH 1 4 ) 

L-U^F/iOi^tt, 2®J^±1 0liJitTr-4,5o Sfc. ..,3Gap.,,N„.,,P„..,#FfJl ( 1 8nm) /I n 
1?-7 7-rT«Si9t.GaNSS%ffii,^SC:iKJ;'3-C Ga..,. N^Mg ( 2 0 nm) "C^Siit^^iJ. Hijfg 

mm&iimiiri. c i *3t>*>s, 4o mi. mm 3 . jift<?(4 , mm e s fcKjtjstai? t 

ftXw^•-;^5;^;.:,•fe>^d^^>f:^--F»^*5ffi#iSn [0 10 3,]. 1 5 ) 

^^^(c-^l,ir. fe^fij4S:&S*Jj:t;^©«fiS{3:* fiSLTl^*#F®<i;WaB*s, 6ffl»J©In..xAl 

»li|ll«-C*S (H1#M) . -IS. mmmWL ...sGa..3sN..„As„..,#FJl (4nm) /GaN 

Lx\.>i>^pmi6^umm.m<Dmim^^wnmv:-r)K^ mmm ( 3 n m) lufg^ij 1 . , 

Wlkm2tmmx%i,. Sfc> -y-^T-fTSSe ^PJ4. llitM6Sfctt«W7i|iIDt;*€,„ 

0 0 amh K G a Nss*fflt,>fcii^tt5g)Sfe^j 3 i n [0104] (nsfeFn 1 6 ) :^mmmxu. mtM^m 

mAt<cmt^m:m^>tcm^\tm&mA b ^\^x\.^i>j^rmtm^mi)K 4jSM©in„.,Ai 

nmon^m^'hrii,. ttc. mmi:m!S,bxi>i>m ,..sGa„.,,N,.,,p„.„,#Fjf (enm) /i n„,„ 
mm. ^pmmis ^uT-mmMm. mmicm-f^ so Ai,..,Gao.,.N„.„p..„itiiJi(3nm) -c^s 



(16) 
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mu. mtmi. mmms. mmm4. mmmettc 

[0105] (mwi 1 7 ) ^mmm-cit. m^m^m 
fSib-ci.^?>^^mtmmAK 5jiffl©in„..Ai 

„.„,Ga..,,N„.„A s„.„i#FJi (4nm) /GaN 
„,5,As<,,„^liJi (1 Onm) VS>^&S^U. HJfeW 

1 . mmm s . mmm4. mm e * Mtmmm itm 

[0106] (.mmm 1 8 ) :^mmm'Cit. mm>s:m 
fS.bxi,^6i^)3mmm*K emmoi Ro.o^Ai lo 

■,.o3Ga,,,sNo.5aAs„.az#FJl {4nni) /GaN 

i^n/i (4nm) x-^mmt, miMmi. mmm. 
[0107] (.mmm 1 9 ) ^^mj-cb. ^g?r« 

».oiGa..„N..„Sb,.„#FJf (5nm) /GaN 
PiMB (5nm) X^b^mn. SSMl^K IW«3. 
^«^4> ^W6Sft:ttWSinj7illID-C*So 

[0108] (mmm2 o ) ;*gi«-e«, mmm 
f&Lxi,^ 6^^mmm*K Ammo I n,., A \ 20 

„.„3Ga,.,,No.,,Po.oi#PM (4nm) /I n„.., 
A U,„,Ga,.,sN..„As„.„,»^Ji (8nm) T'* 

uj.mt. mmmi. m^ms. mmm4. mmmet 
[0109] (mtm2 1 ) ^mmm-cit. 

..asGa„,,sN„.„A s,.„#FJl (15nm) / I n 
«.o.Ga..,.N....Aso..,^SB (lOnm) T** 

nwi. m,m. mmm4. mmmetft 
imrnmi tmcxs!)?,. 30 
[QUO] ^mmm2 2 ) :*3ias{^r(*, mmm 

,.„Ga„.„N„.,4Po.o.#FJS (5nm) /A I...3 
Ga„.„N,.,,Sbo.o2»ttB (5nm) 

«, mmmu mmms. m&m4. mmmettcum 

[0111] immm23 > *ii»irii, 

o.o3Ga„.„Na.,sA s„„,#FJi (6nm) / I n 
».x.Ga„.,sNc.„P..„^M® (6nm) "C^SjyJI- 40 

mmms. ii«^4. jufiFnesfcisji 

WJ7i|ilDr*S„ 

[0112] (,mmm24 > ;$:*ig^-eB. 

lS;l^ri^-5#F)li^^>65, 4JiM<DI n..3sA 1 
».iGa„.„N..„ASo...#FM (1 Onm) / I n 
..lA l„..Ga..,N..„P...sliSMS (4nm) V& 

i>mii. mtmi. mmms. mmm4. mmmet 
[0113] (mm2 5 ) :mmm'c\t. mmm 

)jKL.r(,iS#F)l<i:»Sl*s. 4/MW©! n...,Al 50 
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...sGao..N,.„P„.».#FB (1 Onm) /GaN 

0. ..As„...BSi (15nm) -C$.S«?f». «|^J 

1, m^ms. »i«4. I6!ifij6jfcttiiftf!i7ii5i 
[0114] {mmm2 e > ^x^j-rit, ^mm 

lSL-Cl^S#FIli»IUi*5^ 3iS«©In„.,Al 
..c.Ga„.,aN„.,5A s„.<,,#Fji (20nm) /Ga 
No.,Po.,ltM (2 Onm) T^^-mi*, »fj 
K HjSWS, ^W4, »fe«^J6ifctt*ifef!|7ipl 

[0115] (mim2 7 ) mmm 

Ga,.,N„.,.P...,#FJl (5nm) /A l...,Ga 
o.»N..,sAs,..sl'»Se (5nm) -e*«3« 

pmmt(omitcim^m^m^>r. nMAi,.,,Ga 

tt. mmmi. ms&ms. mmm4. mmmettcum 

mm7m\:X'$>h. S/c. nS^A K ,sGa„.,,Nii 
fc. 

[0116] (m^m28 ) *^§?CCJ:SSI^1-**>iDW 
§lfe(380nm-410n m©^S?gfi) <Dmm^ . 

(*. Kffiij (5 0mw) . ^m.wmMfpx^^bxmf 

mum 1 ~^«5 ©^^t®^^^t^—^f*ffi 
mb-k3t^m.(i)-m^^ 1 5 k^-t. 
[ 0 1 1 7 ] ^ 1 5 vciritmmmjii. tt ag^gg© 

-F!l<!:U-C©31£^-f;^;?$|g-C*5. ^SfC*5t,i-C. U 

-If 1 5 oii^b(j>v-^%\t. Kmmc]x:s\^x^m 
i§i 5 it?sw$n. aits^i 5 3rs*f3ti. u>x 

1 5 4^fflLTr^Xi' 1 6 0±tCfB^§n-5„ ff^Sf 
r> X ^ 1 6 0 ±© t' b le^ijK J; o T )fe^fi<){cS 

ft^sct/cb— tf7^*3>^7-i; 1 5 2 ^mbxim 

ffigil 5 5T;1^ai$tl. WMi^i^cCS^ Ctie.©lil{1^ 
fciO'r -I X i'M^-^- 1 5 7 B*IJ«iISS l 5 6 JC^ 

[0 1 1 8] s/c ^fs^HjKi^p— tf""«^«. ±ia 
*7=-fXi'«g©flt!(c. tfT'y^^?— ?>7'ni^xi' 

J:^l6*j§?:ffli,>fc3fc©Hjlfe mB) V 

-if 3?-/ * - F «rffiffl-r e C i *st?tt 
[0 119] (IIJiW2 9) Iltef!l6*ftitt7©^^?' 

asm ^ySt-^ttx-fX^-H'CCjiffi^tl^.. C©i# 
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[0120] m^om^aT-' -t :Kzfu-i,cmi^fbtixi,>tc 

*^oift»g©7-? vi>^-^yt bxmm-c^ c tilt. 

-f" > - ::7 X XO^St" -f X U V ^ h i 
[0121] 

[|6HJ3©5a^] Ji(±a;'^/cJ;^K. *%ajB. I nA 1 lO 
GaN,_._,_.As.P,Sb, (OSx^O. 1, O^y 
^0. 2. OgzgQ. 05, x + y + z>0)-C«S 

SCi^S-ft^o 20 

[ H 2 ] Ai ©I^^Di^S i , S^j^^iKoSil^fc J: 0^ 

[US] 7-©^fJfc iC^'s.tllfCOlJ-CiS^Bf S 

[04] mitmmmm=&m-r 6mmmm>s:^^ 
[S5] i^-tfd^-f*-Fo#F»isiiifflmiiSffi 30 
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Japanese Unexamined Patent Application Publication No. 
2002-270969 

SPECIFICATION <EXCERPT> 

[0046] (First Embodiment) 

According to the present invention, a nitride semiconductor 
laser diode device as shown in FIG. 1 is obtained. This device 
includes a C-surface (0001) sapphire substrate 100, a 
low-temperature GaN buffer layer 101, an n-type GaN layer 102, an 
n-type Ino.07Gao.93N cracking prevention layer 103, an n-type 
Alo.1Gao.9N cladding layer 104, an n-type GaN light guide layer 105, 
a light emitting layer 106, a p-type Aio.2Gao.8N shielding layer 107, a 
p-type GaN light guide layer 108, a p-type Alo.1Gao.9N cladding layer 
109, a p-type GaN contact layer 110, an n electrode 111, a p 
electrode 112, and a Si02 dielectric film 113. This device is 
manufactured by the following process. 

[0047] First, the sapphire substrate 100 is set in a I^OCVD 
apparatus, and the low-temperature GaN buffer layer 101 is grown 
to 25 nm at a growth temperature of 550^0, using NH3 (ammonia) 
which is a Group V raw material and TMGa (trimethylgallium) which 
Is a Group III raw material. Next, at the growth temperature of 
1050°C, SiH4 (silane) is added to the aforementioned raw materials, 
and the n-type GaN layer 102 (a SI impurity concentration of 1 x 
lO^Vcm^) is formed with a thickness of 3 pm. Following this, the 
growth temperature is decreased to about 700°C to 800°C, TMIn 
(trimethyllndium) which is a Group III raw material is supplied, and 
the n-type Ino.07Gao.93N cracking prevention layer 103 is grown with 
a thickness of 40 nm. The substrate temperature is increased to 
1050°C again, the n-type Alo.1Gao.9N cladding layer 104 (a Si 
Impurity concentration of 1 x lO^Vcm^) with a thickness of 0.8 pm 



is grown using a Group III raw material of TI^AI (trimetliylalumlnum), 
and then the n-type GaN light guide layer 105 (a SI innpurity 
concentration of 1 x lO^Vcm^) is grown with a thicl<ness of 0.1 (jm. 
After this, the substrate temperature is decreased to 800°C, and the 
3-period light emitting layer (multiple quantum well structure) 106 
made up of a well layer with a thickness 4 nm such as an 
In0.05AI0.02Ga0.93N0.98P0. 02 well layer and a barrier layer with a 
thickness of 6 nm such as an Ino.05Gao.95N barrier layer is grown in 
an order of the barrier layer / the well layer / the barrier layer / the 
well layer / the barrier layer / the well layer / the barrier layer. 
When doing so, SiH4 (a Si impurity concentration of 1 x lO^Vcm^) is 
added to both the barrier layer and the well layer. 
[0048] A growth interruption of 1 second to 180 seconds may 
be performed between the barrier layer and the well layer or 
between the well layer and the barrier layer. This improves flatness 
of each layer, and reduces a light emission half-width. 
[0049] A composition ratio of the well layer can be adjusted 
according to an intended light emitting device wavelength. For 
example. Table 1 to Table 6 show relations between light emission 
wavelengths and In composition ratios in an InAIGaNAs mixed 
crystal, and Table 7 to Table 12 show relations between light 
emission wavelengths and In composition ratios in an InAIGaNP 
mixed crystal. When crystal growth is conducted around the 
composition ratios shown in Table 1 to Table 12, more or less an 
intended light emission wavelength can be attained. A Sb 
composition ratio (a percentage of Sb atoms to a total number of 
Group V atoms) In an InAIGaNSb crystal is preferably optimized to 
be equal to or less than about 5%. 



[0050] [Table 1] 



I n.Al bGaa_*-bNl-KASx^ia^C*5^tS^_ 
^3t^gc:^fc^T§ A s om^it (x) Li 



Ai cb=o, 0 1) (om^ [T"! 





I nm^]t (a) Li- 




a=0,01 


a=0.02 


a =0,05 


a=0.1 


a =0.2 


a =0.35 


a -0.5 




SSOmn 
















400nm 


O.Dl 


0.01 


0.01 










410mn 


0.02 


0.02 


0.01 


0.01 








470mn 


0.03 


0.03 


0.03 


0.02 


0.01 






520nm 


0,05 


0.05 


0.04 


0.04 


0.03 


0.01 




650nni 


0,07 


0.07 


0.07 


0.06 


0.05 


0.04 


0.02 



[0051] [Table 2] 

I n.A UG a i_,_iNi_,A s xii^K45W'-&T— 

Al Cb = 0. 0 2) cDJi^H 





lnU0.it Ca) lL_ 




a =0.01 


a -0.02 


a -0.05 


a =0.1 


a=0.2 


a -=0.35 


a =0.5 


H 


380nm 


0.01 














400ntii 


0.01 


0.01 


0.01 










4L0nm 


0.02 


0.02 


0.01 


0.01 








470nm 


0.04 


0.03 


0.03 


0.03 


0.02 






520mii 


0.05 


0.05 


0.04 


0.04 


0.03 


0,01 




550mii 


0.07 


0,07 


0.07 


0.06 


0.05 


0.04 


0.02 



[0052] [Table 3] 

^^^\::nr!s>As(Dum <x) [± 

Al (b = 0. 0 3) 







I n^filtit Ca) lA_ 








aK).01 


a =0.02 


a -0.05 


a =0.1 


a =0.2 


a =0.35 


a -0.5 




38011111 


0.01 
















400nm 


0.02 


0.01 


0.01 












410iim 


0.02 


0.02 


0.01 


0.01 










470iim 


0.04 


0.04 


0.03 


0.03 


0.02 






520i]in 


0,05 


0.05 


0.04 


0.04 


0.03 


0.02 






650iiiii 


0.07 


0.07 


0.07 


0.06 


0.05 


0.04 


0.03 



[0053] [Table 4] 

I n«A UGai_,_bNi-,As,Jiafc43tt^, r— 

^ytm^^zurt^As <om.it u) [± 

A 1 (b=0. 0 5) (om-^ H 







Inmi^it (a) Li__ 








a=0.01 


a =0.02 


a =0.05 


a«0.1 


a=0.2 


a=0.3& 


a =0.5 




380mn 


0.01 


0.01 












mm 


400nin 


0.02 


0.02 


0.01 


0.01 








410nin 


0.02 


0.02 


0.02 


0.01 








H 


470iim 


0.04 


0.04 


0.03 


0.03 


0.02 






520imi 


0.05 


0.05 


0.05 


0.04 


0.03 


0.02 






650imi 


0.08 


0.07 


0.07 


0.06 


0.05 


0,04 


0.03 
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[0054] [Table 5] 



Al Cb=0. 1) <Dm^ H 





I hM^ U) ^ 




a =0.01 


a =0.02 


a =0.05 


a =0.1 


a =0.2 


a =0.35 


a=0,5 


mm 


380nm 


0.02 


0.01 


0.01 










400nm 


0,02 


0,02 


0.02 


0.01 








410nm 


0.03 


O.OS 


0.02 


0.02 


0.01 






470iim 


0.04 


0.04 


0.04 


0.03 


0.02 


O.Ol 




520nin 


0.06 


0.06 


0.05 


0.05 


0.04 


0.02 


0.01 


650iim 


0.08 


O.OS 


0.08 


0.07 


0.06 


0.05 


0.03 



[0055] [Table 6] 

I n^A ltGai-.-bNi-,ASxiiiit^W-«>. ,— 

mm^zm-^A B mm <xj |j_ 

Al (b = 0. 2) om^ 







lnm\t (a) Ll_ 








a =0.01 


a =0.02 


a =0.05 


a =0.1 


a =0,2 


a =0.35 


aK).5 




380nm 


0.03 


0.03 


0.02 


0.02 


0.01 








40anm 


0.03 


0.03 


0.03 


0.02 


0.01 






410nni 


0.04 


0.04 


0.03 


0.03 


0.02 








470nm 


0.06 


0.06 


0.05 


0.05 


0.04 


0.02 


0.01 


520nm 


0.07 


0.07 


0.06 


0.06 


0.05 


0.03 


0,02 




650nm 


0.09 


0.09 


0.09 


0.08 


0,07 


0.06 


0.04 



0 



[0056] [Table 7] 



Al Cb = 0. 0 1) 







I nWMit Ca> 






a =0.01 


a =0,02 


a =0.05 


a-0.1 


a=0.2 


a =0.35 


a =0.5 




380nm 


0.01 


0.01 












mm 


400ntn 


0.02 


0.02 


0.01 










410nin 


0.03 


0.03 


0.02 


0.01 










470nm 


0.06 


0.05 


0.05 


0.04 


0.02 






520nm 


0.08 


0.07 


0.07 


0.06 


0.04 


0.02 






650mn 


0.12 


0.12 


0.11 


0.10 


0.08 


0.06 


0.04 



[0057] [Table 8] 

mm-^\zMt^p Commit (y) 



E. 



Al (b = 0. 0 2) £0^^ 



lnm.lt (a) 





a»0.01 


a =0.02 


a =0.05 


a=0.1 


a =0.2 


a =0.35 


a =0.5 


380nm 


0.01 


0.01 












400nm 


0.02 


ac2 


0.02 


0.01 








410nm 


0.03 


0,03 


0.02 


0.01 








470nm 


0,06 


0.06 


0.05 


0.04 


0.03 






520nm 


0.08 


o.os 


0.07 


0.06 


0.04 


0.02 




eSOnm 


0.12 


0.12 


O.U 


0.10 


0.08 


0.06 


0.04 
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[0058] [Table 9] 

m^mzm^Fiotm^ <y) 



1 (b = 0. 0 3) <D^ 





I nSam (a) ^ 




a =0.01 


a =0.02 


a =0.05 


a -0.1 


a=0.2 


a =0.35 


a =0.5 




380nm 


0.01 


0.01 












400nm 


0.02 


0.02 


0.02 


0.01 








410nm 


0.03 


0.03 


0.02 


0.01 








470nm 


0.06 


0.06 


0.05 


0.04 


0.03 






520nm 


0.08 


0,08 


0.07 


0.06 


0.06 


0.02 




650nm 


0.12 


0.12 


0.11 


0.10 


0.08 


0.06 


0,04 



[0059] [Table 10] 

In,AUGai-a-bN,_^P^MfC;fett^, I lo I 
mM&}znr^T?(OWMit (y) 



Al (b = 0. 0 5> <^^^ 





mmefeJt (a)"Ll_ 






a=O.Oi 


a =0.02 


a -0.05 


a-0.1 


a -0.2 


a =0.35 




m 


SSOnm 


0.02 


0.01 


0.01 










400iim 


0.03 


0.03 


0.02 


0.01 








410iim 


0.03 


0.03 


0.03 


0.02 








470mii 


0.06 


0.06 


0.06 


0.05 


0.03 


0.01 




520ntn 


0.08 


0.08 


0.08 


0.07 


0.05 


0.03 


0.01 


650nm 


0.13 


0.12 


0.12 


0.11 


0.09 


0.06 


0.04 
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[0060] [Table 11] 



A I (b = 0. 1) ffl;^'^- 





r n«Jt (a) l1_ 




a =0.01 


a =0.02 


a=0.05 


a =0.1 


a=0.2 


aK).35 


a=0.5 




SSOnm 


0.02 


0.02 


0.02 


0.01 








400nni 


0.04 


0.03 


0,03 


0.02 








4lOnm 


0.04 


0.04 


0,04 


0.03 


0.01 






470nni 


0.07 


0.07 


0.07 


0.O6 


0.04 


0.02 




52Qnm 


0.09 


0.09 


0,09 


0-08 


0.06 


0.04 


0.02 


65Qnni 


0.14 


0.13 


0.13 


0.12 


0.10 


0.07 


0.05 



[0061] [Table 12] 



Al (b = 0. 2) 0m-^ 











I n 




-^yiU 








a =0.01 


a =0.02 


a -0.05 


a =0.1 


a-0.2 


a-0.35 


a =0.5 




380nm 


0.04 


0.04 


0.04 


0.03 


0.01 








400niii 


0.06 


0.05 


0.05 


0.04 


0.02 






410iim 


0.06 


0.06 


0,05 


0.04 


0.03 


0.01 






470imi 


0.09 


0.09 


0.08 


0.08 


0.06 


0.03 


0.02 


520mn 


0.12 


0.11 


o.u 


0.10 


0.08 


0.05 


0.04 




650nm 


0.16 


0.16 


0.15 


0,14 


0.12 


0.09 


0.07 
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<Translation of denotations in Tables 1 to 12> 

1 Composition ratios of AS to light emission wavelengths in an 

InaAlbGai-a-bNi-xASx crystal (x) 

2 In the case where A! (b = 0.01) 

3 In composition ratio (a) 

4 Light emission wavelength 

5 In the case where Al (b = 0.02) 

6 In the case where Al (b = 0.03) 

7 In the case where Al (b = 0.05) 

8 In the case where Al (b = 0.1) 

9 In the case where Al (b = 0.2) 

10 Composition ratios of P to light emission wavelengths In an 
InaAlbGai-a-bNi-yPy crystal (y) 
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[0062] After forming the light emitting layer 106, the 
substrate temperature is increased to 1050°C again, and the p-type 
Alo.2Gao.8N shielding layer 107 with a thicl<ness of 20 nm, the p-type 
GaN light guide layer 108 with a thickness of 0.1 pm, the p-type 
Alo.1Gao.9N cladding layer 109 with a thickness of 0.5 |jm, and the 
p-type GaN contact layer 110 with a thickness of 0.1 ym are grown. 
As an impurity for the p type, Mg (EtCPaMg 
(bis-ethylcyclopentadienyl magnesium) is used as a Mg source) is 
added at a concentration of 5 x lO^Vcm^ to 2 x lO^Vcm^. 
[0063] It is preferable to increase the p-type impurity 
concentration of the p-type GaN contact layer 110 as It approaches 
a formation position of the p-type electrode 112. This allows a 
contact resistance by the formation of the p electrode to be reduced. 
■Moreover, a very small quantity of oxygen may be mixed during the 
growth of the p-type layer, in order to remove residual hydrogen in 
the p-type layer that hampers the activation of Mg which is the 
p-type impurity. 

[0064] After the growth of such a p-type GaN contact layer 110, 
the inside of a reactor of the MOCVD apparatus is changed to total 
nitrogen carrier gas and NH3, and the temperature is decreased at 
60°C/minute. At the point when the substrate temperature 
reaches SOO^C, the supply of NH3 is stopped and, after waiting for 5 
minutes at the substrate temperature, the temperature is decreased 
to a room temperature. The retention temperature of the substrate 
is preferably between 650°C and 900°C, and a waiting time is 
preferably no less than 3 minutes and no more than 10 minutes. A 
decreased temperature reaching speed is preferably equal to or 
more than 30°C/minute. 

[0065] As a result of evaluating, by Raman measurement, the 
grown film manufactured in this way, p-type characteristics were 
already exhibited after the growth without having to perform p-type 
annealing used in conventional nitride semiconductors, according to 
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the aforementioned method. In addition, the contact resistance by 
the formation of the p electrode was reduced. 
[0056] Next, the following process is performed on a wafer 
having an epitaxial growth layer taken from the MOCVD apparatus, 
to obtain a laser diode device. First, the n-type GaN layer 102 is 
partially exposed using reactive ion etching equipment, and the n 
electrode 111 is formed on the exposed portion in an order of Ti / Al. 
Apart from such n electrode materials, Ti / Mo, Hf / Al, and the like 
may also be used. On a p electrode portion, etching is performed in 
stripe form along a <1-100> direction of the sapphire substrate, 
and then the Si02 dielectric film 113 is evaporated onto a necessary 
area. After this, evaporation is carried out in an order of Pd / Au on 
an exposed portion of the p-type GalM contact layer 110, to form the 
p electrode 112 in ridge stripe form with a width of 2 |jm. Apart 
from the above p electrode materials, Ni / Au or Pd / I^o / Au may 
also be used. Lastly, cleavage or dry etching is used to 
manufacture a Fabry-Perot resonator with a resonator length of 500 
(jm. In general, the resonator length is preferably 300 pm to 1000 
[jm. A mirror end face of the resonator is formed so that an l^i 
surface of the sapphire substrate is the end face (see FIG. 3). For 
instance, cleavage and laser device chip partitioning are performed 
by a scriber from the substrate side along the dashed lines shown in 
FIG. 3. This prevents shavings due to end face steepness or 
scribing from adhering to an epitaxial growth surface, which 
contributes to high yields. Instead of the aforementioned laser 
resonator feedback method, generally-known DFB (Distributed 
Feedback) or DBR (Distributed Bragg Reflector) may be used. After 
forming the mirror end face of the Fabry-Perot resonator, dielectric 
films of Si02 and Ti02 having reflectivity of 70% are alternately 
evaporated on the mirror end face to form a dielectric multilayer 
reflecting film. Instead of this dielectric material, SiOz I AI2O3 may 
be used as the dielectric multilayer reflecting film. 

- 11 - 



[0067] In the above process, the reason to expose the n-type 
GaN layer 102 using reactive ion etching is that the sapphire 
substrate 100 is electrically insulative. Accordingly, in the case of 
using a conductive substrate such as a GaN substrate or a SiC 
substrate, the step of exposing the n-type GaN layer 102 is 
unnecessary, and the n-type electrode can be formed directly on a 
back surface of the substrate. 

[0068] Next, a laser diode chip obtained as a result of the 
above process can be packed into a package by the following process. 
In the case of using as a blue-violet (410 nm in wavelength) 
high-output (50 mW) laser suitable for a high density recording 
optical disc by exploiting characteristics of a laser diode using the 
above light emitting layer, care needs to be taken on heat dissipation 
measures because the sapphire substrate has low thermal 
conductivity. Therefore, for example it is preferable to connect the 
laser diode chip to a package body by junction down using an In 
solder. Alternatively, instead of attaching the laser diode chip 
directly to the package body or a heat sink part, the connection may 
be made via a submount such as Si, AIN, diamond, l^o, CuW, BN, or 
the like. 

[0069] On the other hand. In the case of manufacturing a 
nitride semiconductor laser diode having the aforementioned light 
emitting layer on a highly thermal conductive SiC substrate, nitride 
semiconductor substrate (for example, a GaN substrate), or GaN 
thick film substrate (for example, a structure in which a seed 
substrate 801 is removed from a substrate 800 shown in FIG. 4 by 
grinding) instead of on the sapphire substrate, for example it is 
preferable to connect the laser diode chip to the package body by 
junction up, using an In solder. As an alternative, instead of 
attaching directly to the package body or the heat sink part, the 
connection may be made via a submount such as Si, AIN, diamond, 
1^0, CuW, BN, or the like. 



- 12- 



[0070] As a result of the above, a laser diode in which a nitride 
semiconductor containing As, P, or Sb and also containing In and Al 
is used in a well layer constituting a light emitting layer Is 
manufactured. 

[0071] (Regarding the Impurity Addition to the Light Emitting 
Layer) 

In the first embodiment, though Si (raw material: SIH4) is 
added to both the well layer and the barrier layer as an impurity, the 
impurity may be added to only one of the well layer and the barrier 
layer. Besides, laser oscillation is still possible even when the 
impurity Is not added to any of the well layer and the barrier layer. 
However, according to photoluminescence (PL) measurement, a PL 
light emission intensity was about 1.2 times to 1.4 times higher 
when supplying Si into the light emitting layer (both the barrier 
layer and the well layer), than when not supplying Si. In view of 
this. In a light emitting diode it is preferable to add the impurity such 
as Si in the light emitting layer. In a well layer made of an 
InAIGalMi-x-y-zASxPySbz mixed crystal system, a localized level by In is 
more difficult to be formed when compared with an InGaN crystal 
not containing As, P, and Sb at all. It is therefore considered that 
the light emission intensity greatly depends on the crystallinity of 
the well layer. This being so, since the crystallinity of the light 
emitting layer can be improved by adding the impurity such as SI to 
the light emitting layer, the light emission intensity can be enhanced 
by the impurity addition. The same effects can be achieved by 
adding 0, S, C, Ge, Zn, Cd, or Mg instead of Si. I^oreover, the 
amount of impurity added to the light emitting layer Is preferably 
about 1 X 10^^ to 1 X 10^°/cm^. When the impurity amount is less 
than 1 X 10"/cm^ it Is difficult to improve the crystallinity. On the 
other hand, when the impurity is more than 1 x 10^°/cm^, crystal 
defects due to the impurity addition increase, which could 
conversely decrease the crystallinity. In general, in the case of a 
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laser diode, when modulation doping of adding an impurity only to a 
barrier layer is performed, a drop in tlireslioid electric current 
density ensues because tliere is no carrier absorption in a well layer. 
However, in the well layer of the present invention, rather the laser 
threshold was low when adding the impurity. It can be considered 
that, since there are many crystal defects (a threading dislocation 
density of about 1 x 10^°/cm^) in the case of performing crystal 
growth on a sapphire substrate, adding the impurity to improve the 
crystallinity was more effective for the laser threshold electric 
current density, than taking the carrier absorption In the well layer 
Into account. 

[0072] (Regarding the AIGaN Shielding Layer) 

The AIGaN shielding layer 107 shown in FIG. 1 Is provided 
between the light emitting layer and the p-type layer so as to be in 
contact with the light emitting layer. The p-type layer formed on 
the shielding layer is, in the case of a laser diode, the p-type light 
guide layer as an example and, in the case of a light emitting diode, 
the p-type cladding layer or the p-type contact layer as an example. 
According to PL measurement, a shift amount from a design 
wavelength was smaller and a PL light emission intensity was higher 
when the shielding layer is present than when the shielding layer is 
absent. This can be attributed to that, by providing the shielding 
layer containing Al so as to be in contact with the light emitting layer, 
slight crystal system separation and phase separation occurring in 
the light emitting layer are prevented from spreading to the p-type 
layer. Especially when the light emitting layer has a structure of 
the well layer / the barrier layer / the well layer ... / the barrier layer 
/ the well layer (see FIG. 6), the above effects of the shielding layer 
were noticeable. It is therefore important that at least Al is 
contained as a component of the shielding layer. Moreover, in the 
case of providing the shielding layer on the p layer side, the polarity 
of the shielding layer is preferably the p type. This is because, if 



-14- 



the shielding layer is not the p type, a pn junction position of carriers 
in the light emitting layer becomes deviated, which causes a drop in 
luminous efficiency. On the other hand, an n-type AIGaN shielding 
layer may be provided between the light emitting layer and the 
n-type layer so as to be in contact with the light emitting layer. The 
n-type layer in contact with the n-type shielding layer is, in the case 
of a laser diode, the n-type light guide layer as an example and, in 
the case of a light emitting diode, the n-type cladding layer or the 
n-type contact layer. The effects of the n-type AIGaN shielding 
layer are substantially the same as those of the p-type AIGaN 
shielding layer. 

[0073] (Regarding the Bandgap Structure of the Light Emitting 
Layer) 

FIG. 6 to FIG. 10 each show a specific example of a bandgap 
structure of the light emitting layer. When the light guide layer and 
the barrier layer are made of the same nitride semiconductor 
material, the light guide layer and the barrier layer have the same 
bandgap energy and the same refractive index. Such a bandgap 
structure is shown in FIG. 10. This is less preferable because 
multiple quantum well effects by a subband are difficult to attain, 
causing a decrease in gain (an increase in threshold electric current 
density) in the case of a laser diode and an increase in light emission 
wavelength half-width (a cause of color unevenness) in the case of 
a light emitting diode. In view of this, by making the bandgap 
energy of the barrier layer smaller than the bandgap energy of the 
light guide layer as shown in FIG. 6 to FIG. 9, it becomes easier to 
obtain multiple quantum well effects by a subband when compared 
with the case of FIG. 10, and also the refractive index can be made 
larger than that of the light guide layer. This contributes to 
increased light confinement efficiency, and produces better vertical 
transverse mode characteristics (unimodality). In particular, since 
the refractive index tends to increase when As, P, or Sb is contained 
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in the barrier layer, such a bandgap structure is preferable. 
[0074] There are two types of light emitting layer structures in 
which the bandgap energy of the light guide layer is made smaller 
than the bandgap energy of the barrier layer, as shown in FIG. 6 and 
FIG. 7. In detail, these are a structure in which the light emitting 
layer begins with the well layer and ends with the well layer, and a 
structure in which the light emitting layer begins with the barrier 
layer and ends with the barrier layer. Moreover, a structure of the 
light emitting layer when no shielding layer is included as in the 
above case is shown in FIG. 8 and FIG. 9. 
[0075] (Second Embodiment) 

A combination of nitride semiconductor materials forming the 
well layer and the barrier layer of the light emitting layer is as shown 
in the following table. The other structure is the same as the first 
embodiment. 
[0076] [Table 13] 



r nAlGaNAs 



I nAlGaNSb 



InA 1 GaNSb 



1 Well layer 

2 Barrier layer 

Circle mark Preferable structure of the present invention 
Triangle mark Less preferable structure of the 
invention 



present 
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[0077] In Table 13, the circle mark indicates a preferable 
combination of nitride semiconductor materials of the well layer and 
the barrier layer. On the other hand, the triangle mark indicates a 
less preferable combination of the well layer and the barrier layer 
than the circle mark (for the reason of this, see the above section 
"Regarding the Barrier Layer"). Though the well layer shown in the 
table is the quinary system, a mixed crystal by 
InAIGaNi-x-y-zASxPySbz (0 < x < 0.1, 0 < y < 0.2, 0 < z < 0.05, x + 
y + z > 0) is also applicable. 

[0078] The conditions relating to the light emitting layer, such 
as the number of well layers constituting the light emitting layer, the 
thickness of the barrier layer, the thickness of the well layer, and the 
impurity concentration in the light emitting layer, are the same as 
the first embodiment. 
[0079] (Third Embodiment) 

A structure of this embodiment is shown in FIG. 11. In the 
same structure as the first embodiment, an n-type GaN substrate 
700 ({0001} surface) is used instead of the sapphire substrate. 
[0080] When using the GaN substrate, the n-type GaN layer 
102 may be directly grown on the GaN substrate, without forming 
the low-temperature GaN buffer layer 101. However, in the case of 
using the GaN substrate whose crystallinity and surface morphology 
are less preferable, it is preferable to insert the low-temperature 
GaN buffer layer 101 for improvements in crystallinity and surface 
morphology. 

[0081] In this embodiment, since the n-type GaN substrate 
700 is used, the n electrode 111 can be obtained on a back surface 
of the GaN substrate. Moreover, because the GaN substrate has an 
extremely steep cleavage end face, a mirror loss is low, and a 
Fabry-Perot resonator with a resonator length of 300 pm by cleavage 
is manufactured. In general, the resonator length is preferably 300 
pm to 1000 pm. A mirror end face of the resonator is formed so 
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that a {1-100} surface of the GaN substrate is the end face. 
Cleavage and laser device chip partitioning are performed by a 
scriber from the substrate side along the dashed lines shown in FIG. 
3. This prevents shavings due to end face steepness or scribing 
from adhering to an epitaxial growth surface, which contributes to 
high yields. Instead of the aforementioned laser resonator 
feedback method, generally-known DFB (Distributed Feedback) or 
DBR (Distributed Bragg Reflector) may be used. After forming the 
mirror end face of the Fabry-Perot resonator, dielectric films of Si02 
and Ti02 having reflectivity of 70% are alternately evaporated on 
the mirror end face to form a dielectric multilayer reflecting film. 
Instead of this dielectric material, SIO2 / AI2O3 may be used as the 
dielectric multilayer reflecting film. 

[0082] By using the GaN substrate instead of the sapphire 
substrate, the n-type AIGaN cladding layer and the p-type AIGaN 
cladding layer can be made thicker without causing cracking in the 
epitaxial growth layer. The thickness of the AIGaN cladding layer is 
preferably 0.8 pm to 1.0 pm. This increases the vertical transverse 
mode unimodality and the light confinement efficiency, with it being 
possible to improve the laser optical characteristics and reduce the 
laser threshold electric current density. In addition, since the 
performance of the light emitting layer greatly depends on the 
crystallinity (crystal defects) of the well layer as mentioned earlier, 
the use of the GaN substrate reduces the crystal defect density (for 
example, the threading dislocation density) In the light emitting 
layer, and the laser oscillation threshold electric current density is 
reduced by 10% to 20% when compared with the first embodiment 
that uses the sapphire substrate (see FIG. 5). 
[0083] In this embodiment, the conditions relating to the light 
emitting layer, such as the number of well layers constituting the 
light emitting layer, the thickness of the barrier layer, the thickness 
of the well layer, and the impurity concentration in the light emitting 
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layer, are the same as the first embodiment, and the nitride 
semiconductor materials in the light emitting layer are the same as 
the second embodiment. Regarding the impurity concentration in 
the light emitting layer, however, the laser threshold electric current 
density is reduced by the modulation doping of adding the impurity 
only to the barrier layer or the addition of the impurity whose 
concentration is equal to or less than 3 x lO^Vcm^ to the well layer. 
This is because the crystallinity of the light emitting layer Is 
improved when compared with the case of using the sapphire 
substrate, as described above. 
[0084] (Fourth Embodiment) 

This embodiment is the same as the first embodiment or the 
second embodiment, except that the sapphire substrate 100 in the 
first embodiment shown in FIG. 1 is replaced with the substrate 800 
of the structure shown in FIG. 4. The substrate 800 shown in FIG. 
4 includes the seed substrate 801, a low-temperature buffer layer 
802, an n-type GaN film 803, a dielectric film 804, and an n-type 
GaN thick film 805. Such a substrate is manufactured by the 
following process. 

[0085] First, the low-temperature buffer layer 802 is 
laminated on the seed substrate 801 by a MOCVD method, at 550°C. 
Next, while doping with Si at a growth temperature of 1050°C, the 
n-type GaN film 803 of 1 \im is formed. After forming the n-type 
GaN film 803, the substrate is taken from a MOCVD apparatus, the 
dielectric film 804 is formed to 100 nm using a sputtering method, a 
CVD method, or an EB evaporation method, and the dielectric film 
804 is processed in a periodical stripe pattern by a lithographic 
technique. In the formation of the stripe pattern, stripes extending 
in a <1-100> direction with respect to the n-type GaN film 803 are 
formed, and a periodical stripe pattern with a stripe width of 5 pm 
and a pitch of 10 pm is formed in a <ll-20> direction which is a 
direction perpendicular to the <1-100> direction. Following this. 
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the substrate with the stripe-processed dielectric film 804 is set in a 
HVPE apparatus, and the n-type GaN thick film 805 with a Si 
concentration of 1 x lO^Vcm^ and a thickness of 350 \^rc^ is 
laminated at a growth temperature of 1100°C. After forming the 
n-type GaN thick film 805 by the above manufacturing method, the 
substrate is taken from the HVPE apparatus, and a laser diode 
similar to the first embodiment is manufactured. Note here that 
this laser diode is manufactured so that the ridge stripe portion of 
the laser diode is not situated on lines 810 and 811 shown in FIG. 4. 
This is intended to manufacture a laser device at a portion with a low 
threading dislocation density (crystal defects). The characteristics 
of the laser diode manufactured in such a way are the same as the 
third embodiment. 

[0086] Moreover, the seed substrate 801 may be stripped off 
from the substrate 800 by a grinding machine so that the laser diode 
is manufactured on the obtained substrate. In this case, the 
obtained substrate includes the low-temperature buffer layer 802 to 
the n-type GaN thick film 805. As an alternative, all layers from the 
low-temperature buffer layer 802 downward may be stripped off by 
the grinding machine so that the laser diode is manufactured on the 
obtained substrate. In this case, the substrate includes the n-type 
GaN film 803 to the n-type GaN thick film 805. Furthermore, all 
layers from the dielectric film 804 downward may be stripped off so 
that the laser diode is manufactured on the obtained substrate. In 
this case, the substrate is made up of the part of the n-type GaN 
thick film 805. When stripping off the seed substrate 801 or the 
aforementioned portions, the n electrode 111 can be obtained on a 
back surface of the substrate as in the third embodiment. 
Alternatively, the seed substrate 801 may be stripped off after the 
manufacture of the laser diode. 

[0087] In the manufacture of the above substrate 800, the 
seed substrate 801 may be any of C-surface sapphire, M-surface 



-20- 



sapphire, A-surface sapphire, R-surface sapphire, GaAs, ZnO, IMgO, 
spinel, Ge, Si, a 6H-SiC seed substrate, a 4H-SiC seed substrate, 
and a 3C-SiC seed substrate. The low-temperature buffer layer 802 
may be any of a low-temperature GaN buffer layer, low-temperature 
AIN buffer layer, low-temperature AlxGai-xN buffer layer (0 < x < 1), 
and low-temperature InyGai-yN buffer layer (0 < y < 1) formed at a 
growth temperature from 450'*C to 600°C. An n-type AlzGai-zN film 
(0 < z < 1) may be used instead of the n-type GaN film 803. The 
dielectric film 804 may be any of a Si02 film, a SINx film, a Ti02 film, 
and an AI2O3 film. A metal film such as tungsten or molybdenum 
may be used instead of the dielectric film, or part of the dielectric 
film may be hollow. An n-type AUGai-wN thick film (0 < w < 1) may 
be used instead of the n-type GaN thick film 805, where the thick 
film is preferably equal to or more than 20 |jm. 
[0088] (Fifth Embodiment) 

In the first embodiment, the light guide layer is composed of 
the GaN layer in both the n-type layer and the p-type layer, but the 
nitrogen atom of this GaN layer may be substituted by any of the 
elements of As, P, and Sb. In this embodiment, a light guide layer 
made of GaNi-x-y-zASxPySbz (0 < x < 0.075, 0 < y < 0.1, 0 < z < 0.025, 
X -I- y -I- z ^ 0) is used. The other structure is the same as the first 
embodiment. 

[0089] In the conventional AIGaN cladding layer / the GaN 
light guide layer, even when the Al composition of the cladding layer 
is Increased, a difference in refractive index between these layers is 
small. This conversely increases lattice mismatch, and causes 
cracking or a decrease in crystal Unity. On the other hand, in the 
case of the AIGaN cladding layer and the aforementioned 
GaNi-x-y-zASxPySbz light guide layer, because of extremely large 
bowing effects of As, P, or Sb, a difference in energy gap increases 
and at the same time a difference in refractive index increases with 
there being slight lattice mismatch, when compared with the AIGaN 
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cladding layer / the GaN light guide layer. This makes it possible to 
efficiently confine laser light of a nitride semiconductor laser diode, 
and improve the vertical transverse mode characteristics 
(unimodality). 

[0090] Each of the composition ratios x, y, and z of this 
GaNi-x-y-zASxPySbz (0 < X < 0.075, 0 < y < 0.1, 0 < z < 0.025, x + y 
+ 2^0) light guide layer can be adjusted so that its energy gap is 
equal to or more than the energy gap of the barrier layer. For 
example, the As composition ratio x is preferably equal to or less 
than 0.015 in the case of the GaNi-xASx light guide layer of a 
blue-violet laser (410 nm), the P composition ratio y is preferably 
equal to or less than 0.025 In the case of the GaNi-yPy light guide 
layer, and the Sb composition ratio z is preferably equal to or less 
than 0.01 in the case of the GaNi-zSbz light guide layer. 
[0091] (Sixth Embodiment) 

A nitride semiconductor light emitting diode device according 
to this embodiment is shown in FIG. 12 and FIG. 13. FIG. 12 is a 
sectional view, and FIG. 13 is a top view. As shown in FIG. 12, this 
device includes a C-surface (0001) sapphire substrate 900, a 
low-temperature GaN buffer layer 901 (a film thicl<ness of 30 nm), 
an n-type GaN layer 902 (a film thickness of 3 pm, a SI impurity 
concentration of 1 x lO^Vcm^), an n-type Alo.1Gao.9N isolation layer 
/ cladding layer 903 (a film thickness of 20 nm, a Si impurity 
concentration of 1 x lO^Vcm^), a light emitting layer 904, a p-type 
Alo.1Gao.9N shielding layer / cladding layer 905 (a film thickness of 
20 nm, a l^g Impurity concentration of 6 x lO^Vcm^), a p-type GaN 
contact layer 906 (a film thickness of 200 nm, a Mg impurity 
concentration of 1 x 10^°/cm^), a translucent p electrode 907, a pad 
electrode 908, an n electrode 909, and a dielectric film 910. 
[0092] In the above structure of the light emitting diode, the 
n-type Alo.1Gao.9N shielding layer / cladding layer 903 may be 
omitted. The translucent p electrode 907 is made of Ni or Pd, the 
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pad electrode 908 is made of Au, and the n electrode 909 is made of 
Ti / Al, Hf / Au, Ti / jvio, or Hf / Al. In the light emitting layer of this 
embodiment, SiH4 (a Si impurity concentration of 5 x lO^Vcm^) is 
added to each of the well layer and the barrier layer. 
[0093] Note that the nitride semiconductor materials of the 
well layer and the barrier layer constituting the light emitting layer 
are the same as the second embodiment. Moreover, the same 
effects as the third embodiment can be attained when the GaN 
substrate Is used instead of the sapphire substrate 900, and the 
same effects as the fourth embodiment can be attained when the 
substrate shown in FIG. 4 Is used instead of the sapphire substrate 
900. In the case of using the conductive GaN substrate, the n 
electrode can be obtained on a back surface side of the GaN 
substrate, and the translucent p electrode can be obtained on an 
epitaxial surface side, instead of obtaining both p and n electrodes 
on one surface side as shown in FIG. 13. In this embodiment, the 
crystal growth method and the conditions relating to the light 
emitting layer, such as the barrier layer thickness, the well layer 
thickness, and the impurity concentration of the light emitting layer, 
are the same as the first embodiment. 

[0094] FIG. 14 shows relations between the number of well 
layers constituting the light emitting layer of the light emitting diode 
and the light emission intensity. The light emission intensity of the 
light emitting diode in FIG. 14 is normalized with the light emission 
intensity when using the conventional InGaN well layer being set at 
1 (dashed lines). In addition, in the drawing the white circle mark 
indicates the light emission intensity when using the sapphire 
substrate, and the black circle mark indicates the light emission 
intensity when using the GaN substrate. As shown in the drawing, 
the preferable number of well layers in the light emitting diode is no 
less than 2 and no more than 10. Moreover, it can be understood 
that the light emission intensity Is enhanced by using the GaN 
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substrate rather than the sapphire substrate. 
[0095] (Seventh Embodiment) 

A nitride semiconductor super luminescent diode device is 
provided according to this embodiment. This device has the same 
structure and crystal growth method as the first embodiment (see 
FIG. 1). Meanwhile, the nitride semiconductor materials of the well 
layer and the barrier layer constituting the light emitting layer are 
the same as the second embodiment. Moreover, the same effects 
as the third embodiment can be attained when the GaN substrate is 
used instead of the sapphire substrate 900, and the same effects as 
the fourth embodiment can be attained when the substrate shown in 
FIG. 4 is used instead of the sapphire substrate 900. The crystal 
growth method and the conditions relating to the light emitting layer, 
such as the barrier layer thickness, the well layer thickness, and the 
impurity concentration of the light emitting layer, are the same as 
the first embodiment. The relations between the number of well 
layers constituting the light emitting layer of the super luminescent 
diode and the light emission intensity are the same as the sixth 
embodiment. 

[0096] (Eighth Embodiment) 

This embodiment is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that a C impurity of 1 x 
10^°/cm^ is added to the well layer and the barrier layer constituting 
the light emitting layer. 
[0097] (Ninth Embodiment) 

This embodiment is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that a Mg impurity of 1 x 
lO^Vcm^ is added to the well layer and the barrier layer constituting 
the light emitting layer. 
[0098] (Tenth Embodiment) 
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This embodiment is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 5-period 
In0.05AI0.1Ga0.85N0.98P0.02 well layer (2 nm) / Alo.02Gao.98N barrier 
layer (4 nm). 

[0099] (Eleventh Embodiment) 

This embodiment is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 10-period 
Ino.05Alo.1Gao.85No.99Aso.01 well layer (0.4 nm) / GaN barrier layer (1 
nm). 

[0100] (Twelfth Embodiment) 

This embodiment is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 3-period 
Ino.2Alo.2Gao.6No.99Po.01 well layer (6 nm) / Alo.1Gao.9No.99Aso.01 
barrier layer (6 nm). 
[0101] (Thirteenth Embodiment) 

This embodiment is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 4-period 
Ino.2Alo.2Gao.6No.99Aso.01 well layer (4 nm) / AI0.1Ga0.9N0.99P0.01 
barrier layer (10 nm). 
[0102] (Fourteenth Embodiment) 

This embodiment is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 2-period 
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In0.05AI0.03Ga0.92IM0.98P0.02 well layer (18 nm) / Ino.02Gao.98N barrier 
layer (20 nm). 

[0103] (Fifteenth Embodiment) 

This embodiment Is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 6-perlod 
Ino.1Alo.05Gao.85No.99Aso.01 well layer (4 nm) / GaN barrier layer (3 
nm). 

[0104] (Sixteenth Embodiment) 

This embodiment is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 4-period 
In0.1AI0.05Ga0.85N0.98P0.02 well layer (6 nm) / 
In0.03AI0.01Ga0.96N0.99P0. 01 barrier layer (3 nm). 
[0105] (Seventeenth Embodiment) 

This embodiment is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 5-perlod 
Ino.1Alo.01Gao.89No.99Aso.01 well layer (4 nm) / GaN0.99As0.01 barrier 
layer (10 nm). 

[0106] (Eighteenth Embodiment) 

This embodiment is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 6-perlod 
Ino.02Alo.03Gao.95No.98Aso.02 well layer (4 nm) / GaN barrier layer (4 
nm). 

[0107] (Nineteenth Embodiment) 

This embodiment is the same as the first embodiment, the 
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third embodiment, tiie fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the iight emitting layer are 3-perlod 
In0.05AI0.01Ga0.94N0.98Sb0.02 well layer (5 nm) / GaN barrier layer (5 
nm). 

[0108] (Twentieth Embodiment) 

This embodiment is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 4-period 
In0.2AI0.03Ga0.77N0.97P0.03 well layer (4 nm) / 
In0.02AI0.03Ga0.95N0.98As0.02 barrier layer (8 nm). 
[0109] (Twenty-first Embodiment) 

This embodiment is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 3-perlod 
Ino.2Alo.05Gao.75No.98Aso.02 well layer (15 nm) / In0.02Ga0.98N0.98As0.02 
barrier layer (10 nm). 
[0110] (Twenty-second Embodiment) 

This embodiment Is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 3-period 
In0.1AI0.01Ga0.89N0.94P0.06 well layer (5 nm) / AI0.03Gao.97N0.98Sb0.02 
barrier layer (5 nm). 
[0111] (Twenty-third Embodiment) 

This embodiment Is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 2-period 
Ino.1Alo.03Gao.87No.96Aso.04 well layer (6 nm) / In0.15Ga0.85N0.97P0.03 
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barrier layer (6 nm). 

[0112] (Twenty-fourth Embodiment) 

This embodiment is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 4-period 
In0.35AI0.1Ga0.55N0.98As0.02 well layer (10 nm) / 
In0.1AI0.1Ga0.8N0.95P0. 05 barrier layer (4 nm). 
[0113] (Twenty-fifth Embodiment) 

This embodiment is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 4-period 
In0.35AI0.05Ga0.6N0.94P0.06 well layer (10 nm) / GaNo.95Aso.05 barrier 
layer (15 nm). 

[0114] (Twenty-sixth Embodiment) 

This embodiment is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 3-period 
In0.2AI0.02Ga0.78N0.95As0.05 well layer (20 nm) / GaNo.gPo.i barrier 
layer (20 nm). 

[0115] (Twenty-seventh Embodiment) 

This embodiment Is the same as the first embodiment, the 
third embodiment, the fourth embodiment, the sixth embodiment, 
or the seventh embodiment, except that the well layer and the 
barrier layer constituting the light emitting layer are 2-perlod 
Ino.iAlo.iGao.8No.98Po.o2 well layer (5 nm) / Alo.01Gao.99No.95Aso.05 
barrier layer (5 nm), no shielding layer is used between the light 
emitting layer and the p-type layer, and an n-type Alo.15Gao.85N 
shielding layer is used between the n-type layer and the light 
emitting layer. Moreover, the same effects as the first embodiment, 
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the third embodiment, the fourth embodiment, the sixth 
embodiment, or the seventh embodiment can be substantially 
achieved by using the n-type Alo.isGao.ssN shielding layer. 
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